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Abstract 
 Many people nowadays are engaged in occupations or vocational activities that 
need prolonged voice use, easily leading to vocal fatigue. Preventive approach to 
vocal health is important and the use of herbal tonic in preventing or treating voice 
problems is common in the Chinese community. This study reports the difference in 
voice quality and vocal function pre and post vocal fatigue of twenty-eight female 
subjects (aged 19-23) with a loud reading task. The subjects were divided into three 
groups to which the herbal tonic ‘Pei Pa Kao’, glucose solution and no-fluid was 
given. Voice quality as measured by perceptual measures and vocal function, as 
measured by phonetogram and videostroboscopic evaluation, did not showed any 
significant difference pre and post vocal fatigue among the three groups. These results 
suggested that the Chinese herbal tonic ‘Pei Pa Kao’ was not effective in preventing 
vocal fatigue. 
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Treatment of voice disorder using traditional Chinese herbal formulae first 
started in the Han dynasty (220A.D.). (Dharmananda, 2003). However, very few of 
these formulae were investigated for their effectiveness in preventing vocal problems 
through clinical evaluations. One of the derivatives of these formulae is the 
commercially available herbal tonic ‘Pei Pa Kao’, a prescription consisting of a blend 
of natural herbs and honey. The manufacturer has claimed it is effective in relieving 
cough caused by cold and sore throat, and hoarseness or loss of voice. Many of these 
Chinese herbal formulae are popular for relieving throat or voice disorders and are 
believed to be one of the strategies in preventing voice problems. Chinese herbal 
medicine lies in the development of herbal formulas and used to supplement the 
body’s ‘Qi’. In traditional Chinese medicine, ‘qi’ (strength or energy) is believed to be 
the source for voicing and so a weak ‘pectoral qi’ resulted in a weak voice (Yiu, 2002). 
One of the major active ingredients of Pei Pa Kao includes Pinellia, which come from 
perilla leaf. It is considered useful in regulating the flow of ‘qi’. Also, each herb in a 
formula has its specific duty. Various ingredients including platycodon (Jie Geng), 
fritillaria (Chuan Bei) and Glycyrrhiza (Kan Tsao) in the formula of ‘Pei Pa Kao’ were 
proven to have an expectorant effect on throat, which increase respiratory mucous 
secretion. (Zhu, 1998). Efficacy in using both acupuncture and herbal medicine 
including Chinese medicinal spray and tea in treating vocal nodules has been 
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investigated (Yang, 2000), showing better treatment effect then using western 
medicine. However, studies on Chinese medicine on preventive effect are few. The 
aim of this study was to determine the effectiveness of Pei Pa Kao in preventing vocal 
fatigue using perceptual analysis, videostroboscopy and phonetogram. 
Vocal fatigue is described as a set of symptoms including deteriorated vocal 
quality with breathy and rough voice, loss of frequency and intensity control and 
complaint of effortful, unstable and ineffective voice production with sensation of 
tiredness (Welham & Maclagan, 2003). Vocal fatigue can be induced by prolonged 
speaking or excessive talking (Colton & Casper, 1996). Gelfer, Andrews and Schmidt 
(1991) found that one hour of loud reading for an untrained individual result in 
increased vocal fold irregularity and vocal functions. Yiu and Chan (2003) found that 
amateur singer who sang for an average of less than 90 minutes will result in vocal 
fatigue. Hydration has been found to allow the singer to endure longer (more than 100 
minutes). People nowadays are more frequently engaged in social and vocational 
activities that need prolonged voice use such as karaoke singing, speaking in 
background noise or oral presentation. Some occupations, including actors, singers 
and teachers are more vulnerable to developing voice problems due to extended voice 
usage (Smith, Lemke, Taylor, Kirchner & Hoffman, 1998; Zeine & Waltar 2002). 
Therefore, preventive approach to vocal health is important as this might affect 
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communication, social life, personal emotion and occupation (Yiu, 2002). Use of 
herbal tonic in preventing or treating voice problems is common in the Chinese 
community. However, there are very few studies that investigated systematically and 
scientifically the effectiveness of these herbal tonics. Therefore, this is a need to 
investigate the effectiveness of these options.  
Physiological changes associated with vocal fatigue have been investigated in a 
number of studies. Measurements included perceptual voice quality, acoustic analysis, 
aerodynamic analysis, phonetograms and videostroboscopy have been used (Welham 
& Maclagan, 2003; Yiu and Chan, 2002) 
Common auditory perceptual changes in vocal fatigue include complains of 
breathy, strained voice (Gotaas & Starr, 1993) and decreased pitch ranges (Kitch & 
Oates, 1994). Acoustic quality changes include decreased consistency in fundamental 
frequency and intensity was reported in a number of studies (Stemple, Stanley & Lee, 
1995; Gelfer et al, 1991; and Vilkman, Lauri, Alku, Sala & Sihvo, 1999). 
Aerodynamic changes have also been reported. These include a rise in phonatory 
threshold pressure after two hours of vocally fatiguing task (Solomon, Glaze, Arnold 
& Mersbergen, 2000) and a short phonation time accompanied by a higher airflow 
rate (Eustance, Stemple & Lee,1996). Changes in voice range, especially a significant 
reduction in the highest fundamental frequency after vocal fatigue was reported by 
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Yiu and Chan (2003). The underlying physiological changes are probably related to 
an increase in vocal fold edema and irregularity in the edge of vocal fold (Mann, 
McClean, Gurevich-Uvena, Barkmeier, McKenzie-Garner, Paffrath & Patow, 1999). 
Gelfer, Andrews & Schmidt (1996) also found an increase in the amplitude of vocal 
fold vibratory excursion. Changes in glottal configuration were also found 
(Linville,1995 ; Stemple, Stanly & Lee ,1995; Colton and Casper, 1996) These 
include excessive strain and tension in the laryngeal area and an antero-posterior 
compression of the glottis.  
Studies reviewed above showed that vocal fatigue affects vocal quality and 
functions. Voice quality after vocal fatigue would include symptoms like breathiness 
and roughness, while vocal range was also expected to be reduced. Videostroboscopy 
showed physiological change of the vocal fold and vibratory pattern upon vocal 
fatigue. It is hypothesized that there will be changes in glottal closure and 
configuration pattern and that increase in presence of edema, edge irregularity and 
extent of anterior-posterior compression will be observed after vocal fatigue.  
The aim of this study is to determine if application of ‘Pei Pa Kao’ before a vocal 
fatiguing task would minimize changes in vocal quality (using perceptual voice 
evaluation) vocal function (using voice range profile analysis) and vocal fold 
vibratory pattern (using stroboscopic changes). It was hypothesized that with 
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application of the herbal tonic ‘Pei Pa Kao’ would help to preserve voice quality and 
vocal function with the various functions of the ingredients in the formula. 
Method 
Participants 
Twenty-eight Hong Kong Chinese females (mean age=21.4 years, standard 
deviation=0.92 years, range=19-22 years) participated in the study. Twenty-five of 
them were University students, one was a nurse and two were clerks. All participants 
satisfied the following criteria: 
1. Reported to have normal voice quality and confirmed by the examiner using 
perceptual judgment. 
2. Reported to have previously experienced vocal fatigue after prolonged reading/ 
talking. Vocal fatigue in this study was defined as the self-perception of vocal 
tiredness with effortful and ineffective voice production or projection (Welham & 
Maclagan, 2003). 
3. Had not had any formal voice training before. 
4. Not professional voice users (i.e. teachers, sales, professional singers). 
5. Had no history of voice problems. 
6. Did not have chronic medical complications or on any regular medication e.g. oral 
contraceptives, that might have any effect on voice quality. 
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7. Were non smokers and non- alcoholic drinkers. 
8. Did not have respiratory tract infection on the day of the evaluation. 
The subjects were randomly assigned to one of the three groups: no-treatment 
group, placebo group and treatment group. The no-treatment group was not given any 
fluid prior to the reading task. The placebo group was given 50ml of glucose solution 
and the treatment group was given 15 ml of ‘King To Nin Jiom Pei Pa Kao’ (as 
suggested by the manufacturer in one dosage) with 50ml of water before the reading 
task.  
Procedures 
Prolonged loud reading task 
Each participant was asked to read aloud for at least one hour until they reported 
not able to read anymore. Gelfer, Andrews and Schmidt (1991) suggested that one 
hour of loud reading for an untrained individual results in increased irregularity of 
vocal fold function. The subjects were asked to sit in front of a sound level meter and 
read aloud at a sound pressure level of 75dBA or above measured with a Quest 
Electronics Permissible sound level meter (model 215) with a distance of 75 cm. As 
many of the subjects were not able to maintain a loudness of over 80dBA, 75dBA was 
chosen to keep within-group intensity level consistent. The sound pressure level was 
monitored by the examiner. Newspaper was given as the reading material. Feedback 
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was given to the subjects by the examiner whenever the intensity fell below 75dBA. 
The subjects were required to read until they reported vocal fatigue and could not read 
any more. 
Voice recordings for perceptual analysis 
A baseline recording was carried out before the reading task and another recording 
was taken after the vocal fatiguing task after the subject reported vocal fatigue. Each 
recording required the subject to read aloud a Chinese sentence of /pa pa ta k� k�/ 
(father hits brother) at a comfortable pitch and loudness level. All the words within 
the sentence were made up of simple vowels and unaspirated consonants. All 
recordings were made using Kay Elemetrics’ Computerized Speech Lab (CSL, Kay 
Elemetrics, Lincoln Park, NJ) with a Shure SM48 microphone at a mouth-to-mouth 
distance of 10 cm. Each recording was recorded three times for each subject and two 
samples with the best quality at the time of production were selected by the examiner 
for perceptual voice analysis. The selection of the recording which the subjects could 
best produced pre and post vocal fatigue helped to detect the subtle voice quality 
deterioration which is beyond the control of the subjects. 
Voice recordings for phonetogram analysis 
Phonetogram recordings were carried out before and after the vocal fatiguing 
task to compare the voice range profiles. The phonetogram were recorded in a silent 
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sound booth and each recording took approximately 30 minutes. Maximum vocal 
performance was recorded using the Swell’s real-time computerized phonetogram 
Phog 1.0 system from AB Nyvalla DSP and a microphone (AKG acoustics, C420). A 
distance of 5 cm was kept as the mouth-to-microphone distance. The participants 
were asked to sustain the vowel /a/ at musical tone C4 and produced the initial pitch at 
a comfortable loudness level. Then they were instructed to reduce loudness to the 
softest level without whisper. The subjects produced higher pitches with repeated 
procedures through the musical scale. Then the subjects went down the musical scale 
from C4 with decreasing pitches by gliding down the intensity level. The procedures 
were repeated with all the pitches using an increasing loudness with each pitch.  
Videostroboscopic recording  
An endoscope was inserted into the back of subject’s oropharynx. Recordings 
were made of laryngeal movement during phonation of a sustained vowel /i/. The 
procedures were carried out before and after the fatiguing task using strobe lights.  
Data analysis 
Perceptual analysis 
Three final year speech and hearing sciences students were recruited to rate each 
sentence of /pa pa ta k� k�/ on the quality of breathiness and roughness. These two 
vocal qualities were chosen as the most common and reliable signs in vocal fatigue 
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(Colton & Casper, 1996). Breathiness is defined as perception of audible air escape 
during phonation while roughness is defined as noticeable aberrant in the lack of 
clarity and discordance (Colton & Casper, 1996). Stimuli were presented to the judges 
through a computerized program designed for this study in a sound booth. A Creative 
Sound Blaster Extigy Signal Processing unit and a pair of headphones (Sennheiser, 
HD 25) were used to present the stimuli at a comfortable intensity level. 
 A seven-point EAI scale with each scale point from 0-6 representing normal 
voice quality to more dysphonic quality represented by a synthesized voice anchor. 
Definition of breathiness and roughness was explained to the judges before the rating. 
The whole synthesized continua of breathiness and roughness were played twice 
before the rating task to familiarize them with the synthesized signals. Three practice 
trials of perceptual evaluation were given for the listener to familiarize with the 
procedures. Listeners were then asked to choose the synthesized anchor that best 
matched with the level of breathiness and roughness of each of the presented test 
stimuli. The stimuli and the anchors were allowed to play as many times as the judges 
would like. Twenty eight out of fifty-six stimuli (50%) were repeated once and these 
were used to determine the intrarater reliability. Each session lasted for approximately 
45 minutes for each judge to complete the rating. 
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Phonetogram analysis. 
The range of frequency and intensity produced by each subjects in the 
phonetogram were analyzed. The voice range profile was derived from the highest 
and lowest fundamental frequency and the maximum and minimum loudness that an 
individual could produce. Seven parameters including the mean fundamental 
frequency range (Hz), maximum highest fundamental frequency (Hz), lowest 
fundamental frequency (Hz), mean loudness range (dB), maximum loudness (dB), 
minimum loudness 9dB) and the total area of voice range profile (dB semitone) were 
analyzed. 
Videostroboscopic analysis 
Only nineteen out of twenty-eight subjects were able to undergo endoscopic 
examination. The videostroboscopic recordings were edited as AVI files. Segments 
that might identify the subjects’ identity were edited out. The edited tapes were judged 
by two speech-language pathologists experienced in videostroboscopic analysis. The 
judges rated each recording on seven parameters including glottal closure, glottal 
configuration, presence of edema, edge irregularity and the extent of 
anterior-posterior compression of the supraglottic activity. (See Appendix 1 for the 
form used.) All judgments were made independently. Eight out of forty recordings 
(25%) were presented twice for intrarater reliability. 
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Results 
Duration of reading time used before reporting vocal fatigue 
        The mean duration of loud reading time in minsutes before the subjects 
reported vocal fatigue are listed in Table 1. Shapiro-Wilk tests were used to determine 
whether the data were normally distributed in each group. A p-level higher than 0.05 
indicated that the data were normally distributed, Table 2 shows the results. Therefore, 
one-way ANOVA, a parametric test was used to determine if the reading time were 
significantly different among the three groups. No significant difference among the 
treatment, no-treatment and placebo groups was found (F=0.30, df=2, p= 0.743).  
Table 1.  
Amount of reading time used before vocal fatigue 
Group 
Minimum (mins) Maximum (mins) Mean ( mins)/ standard 
deviation 
Treatment 60 110 78 (16.36) 
No-treatment 65 110 83 (14.57) 
Placebo 60 120 77.5 (20.70) 
 
Table 2.  
Shapiro-Wilk tests to determine if the reading time in each subject group is normally 
distributed. 
 
Group 
 
   W 
Shapiro- Wilk 
df p 
Treatment 
No-treatment 
Placebo 
   0.90 
   0.94 
   0.85 
10 
10 
8 
0.22 
0.51 
0.09 
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Phonetogram analysis 
 Table 3 list the mean results of the seven phonetogram measures for 
the treatment, no-treatment and placebo groups. The seven parameters include area of 
voice range profile, fundamental frequency range, loudness range, highest 
fundamental frequency, lowest fundamental frequency, maximum loudness and 
minimum loudness. ANOVA of repeated measure showed that all groups showed 
significant changes across time. As seven ANOVA was carried out, the alpha level 
was adjusted to 0.007 (0.05/7) to reduce the chance of committing Type I and II errors. 
Parameters of the area of the voice range profile and the highest fundamental 
frequency showed significant reduction after the reading task (p < 0.007). However, 
no significant difference was found among the three groups and no interaction effect 
time and groups was found. (p>0.007, see Table 4). 
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Table 3.  
Mean results of the phonetogram measures  
 Treatment Placebo No-treamtment 
 Mean Mean Mean 
Pre- fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation) 
Pre- fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation) 
Pre- fatigue 
(Standard 
deviation) 
Post- fatigue 
(Standard 
deviation) 
Area of voice 
range profile 
(dB 
semitone) 
 
1375.50 
(279.22) 
1277.40 
(190.80) 
1220.13 
(151.48) 
1074.00 
(220.6 2) 
1307.50 
(327.30) 
1194.70 
(218.87) 
Fundamental 
frequency 
range (Hz) 
 
443.91 
(43.92) 
431.62 
(41.62) 
390.83 
(44.16) 
377.04 
(26.36) 
491.20 
(57.23) 
407.94 
(64.48) 
Loudness 
range (dB) 
 
85.80 
(3.152) 
86.01 
(3.44) 
84.30 
(2.41) 
83.26 
(2.68) 
84.72  
(3.06) 
86.10 
(3.87) 
Highest 
fundamental 
frequency 
(Hz) 
 
1211.41 
(211.312) 
1104.32 
(194.67) 
965.99 
(219.65) 
868.93 
(128.38) 
1051.54 
(283.49) 
979.42 
(282.19) 
Lowest 
fundamental 
frequency 
(Hz) 
 
139.27 
(25.532) 
140.39 
(17.62) 
133.19 
(12.15) 
143.18 
(22.92) 
133.90 
(13.37) 
146.06 
(17.18) 
Maximum 
loudness 
(dB) 
 
111.62 
(4.812) 
111.60 
(4.93) 
108.25 
(4.43) 
106.25 
(2.66) 
108.40 
(5.15) 
109.40 
(4.33) 
Minimum 
loudness  
(dB) 
 
54.30 
(3.37) 
55.40 
(3.41) 
53.50 
(2.67) 
53.38 
(2.62) 
54.00  
(3.77) 
54.30 
(3.92) 
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Table 4.  
Repeated ANOVA on the phonetogram measure.  
  
source 
F df p 
Area of voice 
range profile 
(dB semitone) 
 
Grouping  
Time 
Time x grouping 
1.39 
13.78 
0.19 
 2 
1 
2 
0.27 
0.001* 
0.83 
Fundamental 
frequency 
range (Hz) 
 
Grouping  
Time 
Time x grouping 
3.00 
3.01 
0.67 
 2 
1 
2 
0.07 
0.10 
0.52 
Loudness range 
(dB) 
 
 
Grouping 
Time 
Time x grouping 
1.28 
0.13 
1.86 
 2 
1 
2 
0.30 
0.72 
0.18 
Highest 
fundamental 
frequency (Hz) 
 
Grouping 
Time 
Time x grouping 
2.68 
17.98 
0.25 
 2 
1 
2 
0.09 
0.0001* 
0.78 
Lowest 
fundamental 
frequency (Hz) 
 
Grouping 
Time 
Time x grouping 
17.09 
5.49 
1.11 
 2 
1 
2 
0.97 
0.03 
0.34 
Maximum 
loudness (dB) 
 
 
Grouping 
Time 
Time x grouping 
2.58 
0.25 
1.55 
 2 
1 
2 
0.10 
0.62 
0.23 
Minimum 
loudness (dB) 
Grouping 
Time 
Time x grouping 
0.46 
0.70 
0.49 
 2 
1 
2 
0.64 
0.41 
0.62 
*Significant at 0.007 level 
Perceptual voice evaluation 
Reliability and agreement measures. 
Intraclass correlation coefficients for inter-rater reliability of breathiness were 
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0.80 and 0.84 for pre and post fatigue respectively (p< 0.05) and intraclass correlation 
coefficients for inter-rater reliability of roughness were 0.80 and 0.88 for pre and post 
fatigue respectively (p< 0.05). Intra-rater agreements were calculated to determine 
how well a rater agreed within one point on the rating scale in rating the same 
stimulus. The mean agreement of the four raters was 0.94 and 0.97 for the quality of 
breathiness and roughness respectively.  
Mean roughness and breathiness ratings 
Table 6 shows the group mean perceptual ratings for breathiness and roughness. 
The mean perceptual ratings for both qualities showed a low severity rating. Wilcoxon 
signed rank test was performed to determine if there were significant changes before 
and after vocal fatigue (see Table 6). No significant change was noticed in both 
perceptual rating (p>0.2). Kruskal-Wallis test showed no significant difference among 
the three groups in both breathiness and roughness ratings. (p>0.05, refer to table 7). 
Videostroboscopic data evaluation 
Intrajudge reliability was determined for each five parameters evaluated. 
Reliability was calculated to determine how often the judge gave on rating same scale 
for the same stimulus. Results showed that rating of edge irregularity showed the 
highest reliability. In rating the presence of edema, a low reliability (62.5%) was 
obtained
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Table 6.  
Mean perceptual ratings of /pa pa ta k k/ and result of Wilcoxon signed ranks test comparing pre and post vocal fatigue perceptual ratings. 
 Treatment Placebo No- Treatment 
 Mean Wilcoxon 
signed ranks 
test 
Mean 
Wilcoxon 
signed ranks 
test 
Mean 
Wilcoxon 
signed ranks 
test 
Pre-fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation) 
Z     p 
Pre-fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation) 
Z      p 
Pre-fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation 
Z      p 
breathiness 0.99 
(0.41) 
1.01 
(0.66) 
-0.15  0.88 
1.00 
(0.91) 
0.81 
(0.87) 
-1.05   0.29 
0.83 
(0.71) 
1.05 
(0.86) 
-0.46  0.64 
roughness 0.79 
(0.65) 
0.97 
(0.78) 
0.00  1.00 
0.77 
(0.34) 
1.16 
(1.13) 
-0.56  0.57 
0.65 
 (0.41) 
0.74 
(0.55) 
-0.357   0.72 
 
____________________________________________________________________________________________________________________ 
Table 7. 
 Result of Kruskal-Wallis test comparing the difference of perceptual ratings. 
 Kruskal-Wallis test 
X2 df p 
Difference of breathiness pre and post vocal fatigue  0.98 2 0.61 
Difference of roughness pre and post vocal fatigue 0.06 2 0.97 
                   19  
 
 
Table 8.  
Intrajudge reliability on videostroboscopic data analysis for the five parameters of 
vocal fold characteristics  
 % Intrajudge reliability 
1. Glottal closure 85.7% 
2. Glottal configuration 71.4% 
3. Presence of edema 62.5% 
4. Edge irregularity 100% 
5. The extent of anterior-posterior 
compression of the supraglottic activity 
75% 
 
Pre vocal fatigue to post vocal fatigue data for the three groups was presented in 
Table 9. Except for the parameter of glottal configuration, all other parameters were 
rated in a three point scale (see Appendix 1).  
Wilcoxon signed rank test was performed to determine if there were significant 
changes before and after vocal fatigue. No significant change was noticed in all 
subjective ratings. (p>0.05, see Table 9). Kruskal-Wallis test showed no significant 
difference among the three groups in all parameters. (p>0.05, see table 10).
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Table 9.  
Group mean data for the four parameters of vocal fold characteristics pre and post vocal fatigue rated in 3-point-scale and result of Wilcoxon 
signed rank test comparing pre and post vocal fatigue with videostroboscopic data. 
 Treatment Placebo No- Treatment 
 Mean Wilcoxon 
signed ranks 
test 
Mean 
Wilcoxon 
signed ranks 
test 
Mean 
Wilcoxon 
signed ranks 
test 
Pre-fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation) 
Z     p 
Pre-fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation) 
Z      p 
Pre-fatigue 
(Standard 
deviation) 
Post-fatigue 
(Standard 
deviation 
Z      p 
Glottal 
closure 
1.13 
(0.35) 
1.25 
(0.71) 
-0.45    0.66 
1.20 
(0.45) 
1.00  
(0.00) 
-1.00    0.32 
1.43  
(0.79) 
1.43 
(0.79) 
0.00    1.00 
Presence of 
edema 
1.63 
(0.52) 
1.50 
(0.93) 
-0.18    0.86 
2.00 
(0.71) 
1.40  
(0.89) 
-1.73    0.08 
2.00  
(1.00) 
1.00 
(0.00) 
-1.89    0.06 
Edge 
irregularity 
1.00 
(0.00) 
1.25 
(0.71) 
-1.00    0.32 
1.00 
(0.00) 
1.00 
(0.00) 
0.00    1.00 
1.29  
(0.76) 
1.29 
(0.76) 
0.00    1.00 
The extent of 
A-P 
compression 
of the 
supraglottic 
activity 
1.38 
(0.52) 
1.13 
(0.35) 
-1.00    0.32 
1.80 
(0.84) 
1.80 
(0.84) 
0.00    1.00 
1.86  
(0.90) 
2.14 
(1.07) 
-0.56    0.58 
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Table 10.  
Result of Kruskal-Wallis test comparing the difference of videostroboscopic  
ratings. 
 Kruskal-Wallis test 
X2 df p 
Difference of glottal closure pre and post vocal 
fatigue 
0.35 2 0.84 
Difference of presence of edema pre and post vocal 
fatigue 
1.27 2 0.53 
Difference of edge irregularity pre and post vocal 
fatigue 
1.50 2 0.47 
Difference of extent of A-P compression pre and 
post vocal fatigue 
1.43 2 0.49 
 
 
Glottal configuration revealed little changes for the placebo group while the 
treatment and control groups showed quite different patterns in glottal configuration 
pre and post vocal fatigue (See Appendix 1). Chi-squared statistics was used to 
analyze if such distributions might have occurred by chances. Table11 revealed 
insignificant chi-squared value which indicated the chances shown was a chance 
distribution all over three groups of subjects (p>0.05). Thus changes seen in 
categorization of glottal configuration from pre to post fatigue did not appear to be 
caused by the experimental task.  
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Table 11.  
Result of chi-squared analysis of pre and post vocal fatigue rating  
Glottal 
configuration 
X2 df p 
Treatment group 
Pre vocal fatigue 
Post vocal fatigue 
 
3.00 
0.67 
 
2 
3 
 
0.22 
0.88 
Placebo group 
Pre vocal fatigue 
Post vocal fatigue 
 
2.67 
3.00 
 
1 
2 
 
0.10 
0.22 
No-treatment 
group 
Pre vocal fatigue 
Post vocal fatigue 
 
1.00 
1.00 
 
2 
2 
 
0.61 
0.61 
 
Discussion 
One of the objectives in this study was to determine the difference in the amount 
loud reading time that would lead to the experience of vocal fatigue among three 
groups of subjects who either took a Chinese herbal tonic ‘Pei Pa Kao’, glucose 
solution or no fluid. Result showed that the three groups did not differ in the reading 
time. This suggests that a brief application of herbal tonics or hydration before a vocal 
loading task did not help to prolong the reading time. 
Another objective of the study was to determine whether the application of 
herbal tonics would affect changes in vocal quality and functioning following a vocal 
fatiguing task. None of the groups showed any significant perceptual changes in their 
                   23  
 
 
perceptual vocal qualities (roughness and breathiness) over time and among groups. 
The mean ratings of both pre vocal fatigue and post vocal fatigue in all groups did not 
exceed ‘2’ using a seven-point scale rating. Contrary to the expectation that 
breathiness and roughness would change after intensive loud reading that might lead 
to vocal fatigue, the negative findings probably suggest that these two were not good 
measures to detect vocal fatigue in subjects with normal voices following a vocal 
fatigue task. Perceptual changes after vocal fatigue were hardly detectable and 
perceptual evaluation was not sensitive enough to detect the mild changes with 
fatigued voices.  
However, changes were found in two phonetogram measures. Significant 
reduction in the highest fundamental frequency and reduction in vocal profile area 
were found. The result suggested that intensive loud reading hamper on maximum 
vocal performance. Reduction of the highest fundamental frequency was consistent 
with the result shown in the study Yiu & Chan (2003) study, where their subjects 
showed vocal fatigue after intensive singing. It is postulated that intensive loud 
reading result in fatiguing of the intrinsic and/or extrinsic laryngeal muscles, which 
caused a reduced capacity to maintain tension in the vocal fold and to sustain stability 
of laryngeal posture. With no significant changes in the intensity before and after the 
prolonged reading task, the reduction in the maximum fundamental frequency after 
                   24  
 
 
vocal fatigue result in an overall reduction of the area of the vocal profile. No 
significant difference were found across the three groups, this suggested that the 
application of the herbal tonic ‘Pei Pa Kao’ did not help to facilitate a better vocal 
performance or preventing vocal fatigue.  
Result of the videostroboscopic data did not showed significant changes over 
time and across groups. Studies by Linville (1995) and Gelfer el at (1996) showed less 
open glottal configurations after prolonged reading task. However, the present study 
did not showed any significant changes in the glottal configuration. This might be due 
to the generalization of the hypertensive phonatory adjustment used during the loud 
reading task causing an increased medical compression of the vocal folds. With 
contradictory result shown in Mann el at (1999) and Scherer el at (1987) where 
increased edema of the vocal folds were noted, changes in presence of edema was not 
significant after vocal fatigue was found in all three groups. The loud reading seemed 
to act as a warm up exercise which reduces the edema from pre to post loud reading. 
Lymphatic fluid distribution is regulated by contraction of skeletal muscles (Van 
Mersbegen, Verdolini & Titze, 1999), inactive skeletal muscle activity during sleep 
causes fluid accumulation in the vocal fold. With a more fluid-laden vocal fold during 
the morning, the reading task leads to an increased blood circulation and blood 
perfusion to the musculature for regulating the lymphatic fluid distribution, causing 
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reduction of edema after prolonged reading. In conclusion, the loud reading that 
caused perceivable vocal fatigue by the speakers did not necessarily reflect notable 
laryngeal alternation. It may also be possible that self-perception of vocal fatigue 
might occur before any observable changes of the laryngeal structure.  
In summary, this study did not show that the herbal tonic ‘Pei Pa Kao’ would 
help to prevent vocal fatigue in terms of perceptual, voice range and the 
videostroboscopic changes. The subjects in the treatment group did not showed to 
have a better capability to preserve their maximum vocal functions compared with the 
placebo and the no-treatment group. All the three groups showed their ability to 
maintain the voice quality before and after the fatiguing task, which might indicate 
that 1 hour prolonged reading task might not be enough to demonstrate any 
observable physiological change to vocal function.  
In the present study, although it was hypothesized that ‘Pei Pa Kao’ would have a 
preventive effect on vocal fatigue, result did not indicate that the formula helped to 
preserve their maximum functioning after an induced vocal fatigue compared to the 
other subject groups. 
However, several limitations in the methodology in this study might affect the 
generalizibility of the result. The first limitation was that the number of subjects in 
this study was small. There were only ten subjects in each of the treatment and 
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no-treatment group and eight subjects in the placebo group. Furthermore, subject 
recruited in this study were restricted to females of age between 19 to 22 years old. 
Different age group and gender group might reveal different susceptibility to vocal 
fatigue due to possible difference in anatomy and physiology of the larynx related to 
gender difference and aging effect. Future studies with increase subject size involving 
people of different gender and age group might reveal more sensitive result.  
The second limitation is the definition of vocal fatigue. In this study, self 
perception of effortful, unstable and ineffective voice production with sensation of 
tiredness was defined as vocal fatigue, which was entirely determined subjectively by 
the subjects themselves. The subjects might not reach a real fatigue by the task due to 
lack of motivation in reading. A minimum fatigue time of two hours might be applied 
in future studies as Gelfer el at (1996) suggested for induced laryngeal change to be 
apparent.   
The third limitation was the method in application of ‘Pei Pa Kao’ in this study. 
In this study, 15 ml of ‘Pei Pa Kao’ was given only once five minutes before the vocal 
fatiguing task. This schedule might not be sufficient for the ingredients in the formula 
to achieve its preventive effect for vocal fatigue. Future studies might alter the way in 
which the tonic was given, for example, giving the subjects for a short period (in 
terms of days or weeks) before carrying out the vocal fatiguing task. This helps to 
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compare the preventive effect of long term application of the herbal tonic on 
preserving vocal function verses a single application. 
Conclusion 
    The present study compared the difference in the level of changes of voice 
quality and vocal function pre and post vocal fatigue in groups of subject who have 
been given ‘Pei Pa Kao’, glucose solution and no-fluid. Result did not show any 
significant difference among the three groups. This shows that the Chinese herbal 
tonic ‘Pei Pa Kao’ did not help to prevent vocal fatigue. Further research using a 
larger population with a different given schedule of ‘Pei Pa Kao’ should be conducted 
to study the effect of different dosage application on prevention of vocal fatigue. 
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Appendix 1  
  
 
1. Glottal closure 
 
completely close      slightly noticeable         obvious incomplete closure 
incomplete closure   
     1 ----------------------------------2------------------------------------3 
 
2. Glottal configuration 
 
  incomplete/ irregular gap/ anterior gap/ posterior chick/ hourglass/ complete 
 
3. Presence of edema 
 
    no edema           slight edema          obvious edema 
      1----------------------------2--------------------------------3 
 
4. Edge irregularity 
 
     regular             slight irregularity        obvious  
       1---------------------------2---------------------------------3 
 
5. The extent of anterior-posterior compression of the supraglottic activity 
 
      normal            slight compression      obvious compression 
        1--------------------------2---------------------------------3 
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Appendix 2 
Individual difference pre and post vocal fatigue for treatment group (n=8), 
no-treatment group (n=7) and placebo group (n=5) on vocal fold characteristics: 
number of subjects rated the same on both pre fatigue and post fatigue, or those rating 
were changed  
Glottal closure 
Treatment 
Placebo 
no-treatment 
Stay the same 
6 
4 
3 
Absence to presence 
1 
1 
2 
Presence to absence 
1 
0 
2 
Glottal 
configuration 
Treatment 
Placebo 
no-treatment 
Stay the same 
 
2 
4 
1 
More closed 
 
3 
1 
4 
Less closed 
 
3 
0 
2 
Presence of edema 
Treatment 
Placebo 
no-treatment 
Stay the same 
1 
2 
3 
Absence to presence 
2 
0 
0 
Presence to absence 
5 
3 
4 
Edge irregularity 
Treatment 
Placebo 
no-treatment 
Stay the same 
7 
5 
7 
Absence to presence 
1 
0 
0 
Presence to absence 
0 
0 
0 
Extent of A-P 
compression 
Treatment 
Placebo 
no-treatment 
Stay the same 
 
4 
1 
3 
More compressed 
 
1 
2 
3 
Less compressed 
 
3 
2 
1 
 
 
 
 
 
